A detailed redescription of a chondrocranium from the basal Boom Clay Formation (Rupelian, Upper Oligocene) at the SVK clay pit, Sint-Niklaas (province of Oost-Vlaanderen, Belgium), previously assigned to the sawshark Pristiophorus rupeliensis, is presented. The chondrocranium is re-identified as that of an angel shark (Squatinidae), based on comparative anatomy of extant Squatina, inclusive of CT scans of Squatina africana, S. australis, S. dumeril, S. guggenheim and S. squatina, with different geographic distributions and representing all four angel shark clades as defined in a previous molecular study. Differential characters for chondrocrania listed in earlier accounts to discriminate angel shark species from the southwest Atlantic proved to be even more revealing when comparing angel sharks from different regions/clades. Despite this wide interspecific variation, the fossil chondrocranium compares well with modern Squatina, but differs in having a UUU-shaped ventral margin of the occipital region and rounded margins of the upper postorbital processes. The distal expansion of the upper postorbital processes present in modern species has not yet been observed in extinct squatinoids and might constitute a derived character for modern representatives only. Angel shark teeth and vertebrae are well known from the same basal deposit at the SVK clay pit, but Cenozoic squatinid taxonomy remains problematic. It is here discussed in detail for the Oligocene taxa S. angeloides, S. rupeliensis and S. beyrichi. For the time being, all SVK material is left in open nomenclature and referred to as Squatina sp.
Introduction
Elasmobranch assemblages from the Boom Clay Formation (Rupelian, Upper Oligocene) have been studied in detail previously (e.g. Storms, 1894; Leriche, 1910; Steurbaut and Herman, 1978; Hovestadt and Hovestadt-Euler, 1995) and include those recovered from its basal gravel as exposed at the Scheerders van Kerchove's Ver enigde Fabrieken (SVK) clay pit, near Sint-Niklaas, northwest Belgium (van den Bosch, 1981; Mollen, 2007) . Recently, Herman et al. (2013) have presented an update of the faunal list of the Sint Niklaas Phosphorite Bed at this locality and added the occurrence of the sawshark Pristiophorus rupeliensis Steurbaut and Herman, 1978 , on the basis of a partial, three-dimensionally preserved chondrocranium. The study of such rare cranial material is important, not only to faunal lists (see Mollen, 2010; , but also for the phylogenetic analysis of elasmobranch fishes and timing of evolutionary diversification, in particular for taxa with conservative dental morphology through time. Unfortuntately, Herman et al. (2013) did not provide detailed illustrations and descriptions of the SVK chondrocranium. Here we re-illustrate and redescribe this specimen in detail. In addition, our identification is based on comparative CT scans of modern elasmobranch taxa and literature data. Finally, implications for phylogeny and taxonomy are discussed.
Material and methods

Terminology
Topographical terminology and subdivision of chondrocranial structures differs markedly among elasmobranch researchers. Most relevant to the present study are detailed descriptions of chondrocrania of Pristiophorus and Squatina by Hoffmann (1912) and , respectively, who followed Gegenbaur (1872) in distinguishing four cranial regions, i.e. the (in original terminology) Occipital-, Labyrinth-, Orbital-and Ethmoïdal-Region. In contrast, Compagno (1988) divided the chondrocranium into seven struc-tural areas for descriptive purposes, i.e., rostrum, nasal capsules, cranial roof, basal plate, orbits, otic capsules and occiput. This subdivision does not necessarily correspond with embryonic origin, and thus might be somewhat arbitrary (see , but it does provide continuity for several definite structures in the postnatal stage such as the cranial roof and basal plate (basicranium) which would otherwise span both the orbital and otic (= labyrinth) region (Compagno, 1988 ). Whether or not such structures are present in the material studied often determines the cranial topographical nomenclature chosen. For instance, in comparative studies of modern angel shark chondrocrania, and followed Compagno (1988) , but when describing fossil squatinoid chondrocrania (which are often incomplete), de Carvalho et al. (2008) adopted Gegenbaur's (1872) terminology, although they described the otic and occipital regions as one, i.e., the otico-occipital region. For the description of even more fragmentary squatinoid material (Guinot et al., 2012; Klug and Kriwet, 2013) , no reference to cranial subdivisions was made. In the present specimen, almost the entire cranial roof and the anterior half of the basal plate are missing, but the posterior part of the orbital region, together with both otic and occipital regions, are exceptionally well preserved. Therefore, we prefer the classic fourfold division of Gegenbaur (1872), albeit in reverse order, i.e., snout first. Following Gegenbaur (1872: 30) , the vagus nerve foramen (X) (Nervus vagus) separates the otic and occipital regions (see also Hoffmann, 1912: 277, Foramen n. vagi) , making the occipital region extremely short in lateral view. In consequence, its description in the present paper is based mostly on the occipital view.
For the identification of cranial structures, including anatomical abbreviations, we mainly follow data presented by ; for a complete list, reference is made to Appendix 1. Terminology used in previous accounts may differ significantly, which is why we add some terms in parentheses so as to make comparisons easier (see References).
Institutional abbreviations
Material examined in the present study is housed in the following collections: ERB, Elasmobranch Research Belgium, Bonheiden (Belgium); IRScNB, Institut Royal des Sciences Naturelles de Belgique, Brussels (Belgium); KZNSB, KwaZulu-Natal Sharks Board, Umhlanga (South Africa); MAB, Oertijdmuseum De Groene Poort, Boxtel (The Netherlands); NHMUK, The Natural History Museum, London (United Kingdom).
Fossil material examined
A partial chondrocranium (IRScNB P.9485; cast MAB 004705) and more than one hundred isolated verte-brae, including two with basiventrals partially preserved (all in private collections, except for IRScNB P.9486-9490) were recovered from the Sint Niklaas Phosphorite Bed at the SVK clay pit, 'new quarry' (sensu Janssen, 1981) . The quarry, located southwest of Sint-Niklaas, province of Oost-Vlaanderen (Belgium), is now defunct.
Based on molluscan faunas, Marquet and Herman (2012) have recently described the 'Sint Niklaas Phosphorite Bed' as a new lithostratigraphic unit within the Ruisbroek Sand Member (Zelzate Formation, Tongeren Group), situated 2.5-3 metres below the base of the Belsele-Waas Clay Member (Boom Clay Formation, Rupel Group). Contrary to Marquet and Herman (2012) , the phosphatic bed and overlying silty clay had earlier been considered to represent the basal and lowermost portion of the Belsele-Waas Clay Member, respectively, by Vandenberghe (1978) (see also Vandenberghe and Laga, 1986; Vandenberghe et al., 1998 Vandenberghe et al., , 2002 , a view adopted here. On calcareous nannofossil evidence (Steurbaut, 1986 (Steurbaut, , 1992 Laga et al., 2002) , the Belsele-Waas Clay Member has been dated as early to middle Rupelian (Oligocene) or zone NP23 (sensu Martini, 1971) . For more detailed data on this locality and the section formerly exposed, reference is made to Mollen (2007) .
The present chondrocranium was coated with ammonium chloride and photographed at different focal planes. Utilizing Helicon Focus software (Helicon Soft Ltd), composite and fully focused images were obtained.
Comparative Recent material
Fresh and complete specimens of a single species of Pristiophorus and five species of Squatina were examined for comparative purposes. Specimens of Squatina represent all four angel shark clades, as defined in a molecular study by Stelbrink et al. (2010) (for details, see Appendix 2). In view of the precarious conservation status of angel sharks, access to fresh specimens has become difficult. Consequently, all published illustrations of chondrocrania of Pristiophorus and Squatina are of importance; these are also listed in Appendix 2.
Prior to dissection, fresh and complete sharks were first photographed, measured, sexed, identified and sampled for muscular tissues that are kept deep frozen in 80 per cent ethanol at the Station de Biologie Marine (Concarneau, France). The identity of S. guggenheim , a species often confused with the sympatric S. occulta Vooren and da Silva, 1991 , was double checked and confirmed by DNA barcoding for all four specimens in the present study (courtesy of B. Stelbrink, March 2011) .
After having dissected the jaws, the chondrocranium was separated from other skeletal parts using hot water maceration (see Stohler, 1945; Compagno, 1988) , but those parts of the skin that could cause damage to the most fragile portions of the chondrocranium (i.e., the ethmoidal region) were left untouched. When packed in secure plastic bags and deep frozen, each chondrocranium was separately scanned in its natural position (see using a Toshiba Aquilion One TSX-301C/2 medical CT scanner (courtesy of F. Hilte and J. Bauwens, ZNA hospitals, Antwerp, Belgium), with parameter settings varying from 120-135kVP, 150-300mA and 0.5-2.0 mm slice thickness depending of size and calcification of each individual. Volume rendering was made possible through Vitrea Advanced fx and VitreaCore fx software (Toshiba Medical Systems Europe).
Description of fossil chondrocranium
General outline
The specimen is a partial, albeit exceptionally wellpreserved chondrocranium, its surface consisting mostly of prismatic, tessellated cartilage (Figs 1-2). The ethmoid region, which would have included the rostrum and the nasal capsules, together with the anterior half of the cranial roof and basal plate (BP, or basicranium), are missing, exposing the cranial cavity (CC) in anterior view ( Fig. 2A ). None of the broken surfaces are fresh; fracturing most probably occurred at an early stage of fossilisation. Although some structures are missing, the posteriormost part of the orbital region, together with both otic and occipital regions, are preserved three dimensionally. All together, the structures preserved have a more or less rectangular to trapezoidal outline in dorsal and ventral views, and appear flattened in latero-occipital view. A blackish phosphatic matrix fills the inner structures of the chondrocranium, obscuring some details of the external structures as well. Maximum chondrocranial width (as preserved), situated near the glossopharyngeal bases (GB), slightly exceeds the preserved length, and doubles the chondrocranial height. However, standard measurements for elasmobranch chondrocrania (see Compagno, 1988, Fig. 6 .13), cannot be employed for incomplete specimens and matrix-covered structures. Therefore, preliminary measurements, relevant for this specimen, are depicted in Fig. 1B , D.
Orbital region (i.e., orbito-temporal or sphenoid region) Together with the ethmoidal region, the anteriormost part of the orbital region is missing, including the supraorbital and suborbital crests. Although most of the paired medial orbital walls (OW) is lacking as well, the posteriormost portion of the right orbital wall is present, albeit covered with matrix (see Fig. 1A , D). In contrast, other parts of determinant structures of the orbit are well preserved, i.e., the left lateral commissure, both upper postorbital processes and orbital grooves.
The left lateral commissure (LC; 'Fascialis-Spange' of is robust and well developed over its entire length. Its surface clearly consists of tessellated, prismatic cartilage. The distal margin of the lateral commissure is slightly concave in anterior view ( Fig. 2A) . In lateral view, the lateral commissure is oriented obliquely (Fig. 1C ), inclining ventrally in posterior direction, and its anterior margin is rectilinear. In cross section, the distal portion of the lateral commissure is rounded. Dorsally, both lateral commissures were bounded by an upper postorbital process (UPOP; 'Processus postorbitalis' of . Although both upper postorbital processes have broken off, each leaving a clear fracture, their bases are well preserved, especially the left one ( Fig. 2A) . Unfortunately, because of this, the exact length of the upper postorbital process cannot be determined. A tessellated cartilage structure, well flattened laterally, is pressed into the base of the remaining right upper postorbital process. In lateral view, this structure is relatively tall and has a rounded anterior margin (see Fig.  1D ). Because of its unique position and general shape, it appears to be the distalmost portion of the right upper postorbital proces. As suggested by the fracture near the ventral portion of the left lateral commissure, lower postorbital processes (LPOP) were most likely present as well, although they are not preserved. The lateral commissure, together with at least the upper postorbital process, and most likely also the lower ones, forms a robust postorbital wall (POW) ( Fig.  2A) . In dorsal view, the preserved parts of orbital and postorbital wall have a concave outline anteriorly, forming the posterior part of a large, well-marked orbital groove (OG; 'Schädellücke' of . In lateral view, the orbital groove is oriented obliquely, inclining ventrally in anterior direction, i.e., opposite to the inclination of the lateral commissure. In dorsal view, the posterior margin of the orbital groove almost reaches as far as the anterior margin of the endolymphatic foramen (see otic region). The surface of the orbital grooves was smooth (as seen in the left OG in our specimen); they would have accommo-dated the orbital processes of the palatoquadrates, moving through the orbital groove when opening the mouth.
Otic region (i.e., labyrinth or auditory region)
The otic region, which is separated from the orbital and occipital region by the posterior margin of the lateral commissure and vagus nerve foramen, respec- tively, is almost complete and well preserved, representing most of the present specimen. In lateral view, the otic region is elongated and divided over its entire length, by a well-marked, horizontal ridge of the otic external canal (OEC; 'β' of , which borders the dorsal margin of a large and relatively uniform hyomandibular facet (HF) (see Fig. 1C ). In dorsal view, the otic region is bordered over its entire length laterally by a parallel pair of longitudinally oriented epiotic crests (EC). The right epiotic crest ('sphenopterotic ridge' of is less well preserved than the left one, but does show a clear outline of the epiotic crest base in dorsal view, which is anteriorly bounded by the base of the upper postorbital process, and widest in its median portion (see Fig. 1A ). Also in dorsal view, the posterior end of both epiotic crests are bounded by a continuous, well-marked and rectilinear transverse crest ('ridged, posterior tectum' of de Carvalho et al., 2008: 480) which is more robust in its mid-portion (= otic-occipital junction). Just anterior to the transverse crest, and in between the otic capsules, is the endolymphatic fossa, situated within a shallow depression. The endolymphatic fossa (EF; 'parietal fossa' of Maisey, 1983) is wider than long, with a rounded posterior margin. However, most of the endolymphatic fossa is filled with matrix, covering the lymphatic foramina, except for the left endolymphatic foramen (ELF), which is relatively large, with its centre situated at the anterior and distalmost margins of the endolymphatic fossa. In ventral view, the basal plate, except for the otic capsules (OC), is well preserved, its surface consisting of tessellated, prismatic cartilage. Although the basal plate is not preserved ventrally to the otic capsules, much of their margins is still intact, rectangular to oval in appearance, and protruding as if they were bulging. As a result, the otic capsules and medial portion of the basal plate are separated by a pair of longitudinal depressions running from the anterior margin of the OC bulge towards the occipital region. In cross section, the basal plate is slightly convex between both grooves. In its mid-portion, a well-marked medial, longitudinal groove is present (Fig. 1B) .
Occipital region
The occipital region, well preserved in the SVK specimen, is more or less dorso-ventrally flattened and widest near the glossopharyngeal bases (see Fig.  2B ). It is separated from the otic region by the vagus nerve foramen (following Gegenbaur, 1872; , making the occipital region extremely short in lateral view. In this view, the occipital region is oriented obliquely, inclining ventrally in posterior direction (Fig. 1C-D) . As a result, the occipital region can also be observed in dorsal view, albeit under an angle. In this view, the dorsal margin of the occipital region is more or less concave between the posterior ends of the epiotic crests in general outline, but rectilinear in its mid-portion (which equals the width of the foramen magnum). Here, the dorsal margin of the occipital region is completely merged with the midportion of the transverse crest, making it very robust in its median part (Fig. 1A) . In occipital view, the dorsal margin of the occipital region is slightly concave between the epiotic crests, and slightly overhanging posteriorly in its mid-portion (= otic-occipital junction), forming a pair of short, near-horizontal grooves dorsal to the large foramen magnum. The foramen magnum (FM) is partially filled and covered with matrix, especially near its ventral margin, but appears to have had an oval, vertically oriented shape (Fig. 2B ). Matrix also covers the regions lateral to the foramen magnum, thus obscuring possible posterior vein foramina. A pair of oval occipital processes (OP) are present near the dorsal margin of the foramen magnum, slightly ventral to the horizontal grooves formed by the overhanging otic-occipital junction; their dorsal margins are more pronounced than the ventral ones. The foramen magnum is flanked by at least one pair of openings for the vagus nerve (X) which are situated posterior to the foramen magnum in dorsal view (see Fig. 2B ). Glossopharyngeal bases (GB) and glossopharyngeal nerve foramina (IX) are present, but are only partially preserved. As a result of longitudinal grooves in the basicranium (see description of otic region), the ventral margin of the occipital region is UUU shaped, and protrudes posteriorly. It consists of tesselated, prismatic cartilage, forming a complete, robust, yet not swollen ridge, with the possible exception of its portion ventral to the foramen magnum which is slightly damaged, leaving a broken, faintly oval, wedge-shaped structure (for an interpretation, see Results and Discussion). Herman et al. (2013: 20; Pl. 11, Fig. 1A-B ; Pl. 12, Fig.  1A-B ; non Pl. 53, Fig. 1 -see other angel shark skeletal material below) were the first to record this unique SVK chondrocranium. Although no cranial regions, nor anatomical structures, were identified, the authors assigned it to Pristiophorus rupeliensis Steurbaut and Herman, 1978 . Their identification was based on a process of elimination, starting with five possible genera that matched the 'very massive, granulous and flat morphology' that they observed, i.e., Squatina Duméril, 1806 , Pristiophorus Müller and Henle, 1837 , Pliotrema Regan, 1906a , Anoxypristis White and Moy-Thomas, 1941 and Pristis Linck, 1790. These genera represent a group of dorsoventrally flattened chondrichthyan fishes that are closely related according to morphological evidence (Shirai, 1992a, b ; 'hypnosqualean group'; also de Carvalho and Maisey, 1996 ; 'Hypnosqualea'). However, molecular evidence contests this phylogeny (Douady et al., 2003; Winchell et al., 2004; Heinicke et al., 2009; Vélez-Zuazo and Agnarsson, 2011) , leaving interrelationships unresolved to date (see also Claeson and Hilger, 2011) . Herman et al. (2013: 20) immediately ruled out the possibility that the SVK chondrocranium belonged to that of Squatina, because 'the posterior cranial aperture was circular', whilst they assumed the foramen magnum to be horizontally oval like the vertebral centra in Squatina (see Herman et al., 2013: 22) . They also excluded Anoxypristis and Pliotrema, because no pre-Pliocene examples were known to them from the fossil record, leaving only the sawfish Pristis or sawshark Pristiophorus. In support of their preliminary identification they referred to what appeared to them to be 'the beginning of one nasal cartilaginous extension', suggesting the remains of an elongated, tooth-bearing rostrum. On the basis of radiographs of taxidermied specimens of the two remaining genera (see Herman et al., 2013: Pls 81-82) , they favoured assignment of the SVK specimen to the genus Pristiophorus, but did not provide any argumentation. In view of the fact that only a single species of Pristiophorus was known from the European Oligocene, Herman et al. (2013) identified the chondrocranium from Sint-Niklaas as P. rupeliensis.
Results
Re-identification of chondrocranium
We agree with the observation of Herman et al. (2013) that the foramen magnum of Pristiophorus is round (see Fig. 3D ; compare Hoffmann, 1912: Pl. 16, Fig. 28; Shirai, 1992b: Pl. 21 , Fig. D) , whereas that of Squatina is more or less oval (Figs 4F, 7A-E; compare Iselstöger, 1937: Pl. 6, Fig. E; Shirai, 1992b: Pl. 21, Fig. C) . However, they erroneously assumed the foramen magnum of the angel shark to be horizontally oval, similar to that of their vertebral centra, while, in fact, it is vertically oval. We also contest their observation that the foramen magnum was perfectly round in the present specimen; we note it to be vertically oval. However, the ventral portion is matrix covered, obscuring its complete outline, thus making it an unreliable character in this case.
In extant Pristiophorus, the occipital region is oriented vertically in lateral view ('vertikalen Ebene' of Hoffmann, 1912) (see Shirai, 1992a: Fig. 4E; 1992b: Pl. 22 , Fig. E) , with the foramen magnum flanked by a pair of well-developed occipital condyles ('halbmondförmigen Gelenkhöckern' of Jaekel, 1890; 'Gelenkkopf' of that join ventrally in several species of sawshark ( Fig. 3D ; compare Jaekel, 1890; Shirai, 1992b: Pl. 21, Fig . D = all P. nudispinnis), but not in all (see Hoffmann, 1912: Pl. 16, Fig. 28 = P. japonicus) . In contrast, the mid-portion of the occipital region in the SVK specimen is oriented obliquely, and the foramen magnum is not flanked by any occipital condyles. In addition, Pristiophorus possesses a double-socketed hyomandibular facet (Fig. 3A, E; compare Shirai, 1992b: Pl. 14 , Fig. C) , whilst the SVK specimen presents a single, anteriorly extended hyomandibular facet that is limited dorsally by a wellmarked, horizontal ridge of the otic external canal (Fig. 1C-D) . In our view, the 'beginning of one nasal cartilaginous extension', considered by Herman et al. (2013) to present the base of an elongated rostrum as in Pristiophorus, rather is the posteriormost portion of the right orbital wall, which is present in all chondrichthyan fishes. Consequently, it is obvious that Herman et al. (2013) considered this structure to be situated near the junction of the ethmoid and orbital regions, but in fact it is near the junction of the orbital and otic regions. The otic region is exceptionally elongated in the SVK specimen, which might explain why the otic and orbital regions were confused.
An elongated otic region such as the one observed in the SVK chondrocranium, is a derived character found in Squatina (de Carvalho et al., 2008) . In addition, a complete postorbital wall (with enclosed jugular canal), lateral commissure, fully chondrified upper postorbital process, orbital groove accommodating the movement of long orbital process on the palatoquadrate ('Schädellücke für den Processus palatobasalis des Oberkiefers' of and an anteriorly extended, single hyomandibular facet, all present in the SVK chondrocranium, also are diagnostic of squatinids (see e.g., Maisey, 1983 Maisey, , 1985 Maisey, , 2007 de Carvalho et al., 2008) . Considering this unique set of characters, we reject its earlier identification as Pristiophorus, and reassign the SVK specimen to Squatina.
Other angel shark skeletal remains
Our identification of the SVK chondrocranium as that of an angel shark does not come as a surprise, because teeth of Squatina are well known from Rupelian (Oligocene) strata in Belgium. They are common in the Berg and Kerniel members (both Bilzen Formation) (Baut and Génault, 1999) , as well as in the Sint Niklaas Phosphorite Bed at the SVK clay pit (van den Bosch, 1981; FHM, pers. obs.), but become extremely rare in the overlying silty and clayey horizons of the Boom Clay Formation. Teeth and vertebrae of Squatina from the Boom Clay were recorded by Storms (1894), but such elements were not encountered in bulk sampling by van den Bosch (1981), Steurbaut and Herman (1978) , Hovestadt and Hovestadt-Euler (1995) , nor are they represented in the ERB collections.
The Sint Niklaas Phosphorite Bed, a specific lithostratigraphic unit underlying the Boom Clay Formation, illustrates deposition on a sandy and shallow sea floor, colonised by very rich faunas, including burrowing decapod crustaceans, worms, molluscs and small teleost fish (Vandenberghe et al., 2002; van Bakel et al., 2003 van Bakel et al., , 2009 Marquet and Herman, 2012) . Modern angel sharks are often found hiding in muddy and sandy bottoms, feeding on a variety of small invertebrates and small bony fish, caught by ambush attack (Iselstöger, 1944; Compagno, 1984) . With this in mind, the sea floor must have been a perfect habitat at the time of sedimentation of this unit, until the arrival of new, phosphate-laden water masses that led to its cementation and deposition of the deeper-water Boom Clay Formation, much less rich in such fossils (see Vandenberghe et al., 2002: Fig. 6 ). For the Sint Niklaas Phosphorite Bed, van den Bosch (1981) published a preliminary list comprising nine elasmobranch taxa, including teeth of Squatina which accounted for as much as 15.8 per cent of all material found, a percentage comparable to that of material housed in the ERB collections and in other, private collections (see Mollen, 2007 ). An updated elasmobranch faunal list for this horizon is presented in Appendix 3.
In addition to these teeth and the chondrocranium, the Sint Niklaas Phosphorite Bed has yielded more than one hundred isolated vertebrae of Squatina; their centra ranging between 8 and 32 mm in width, 6 and 22 mm in height and 5 and 14 mm in thickness. Unique to angel sharks (see e.g., Hasse, 1876 Hasse, , 1877 Hasse, , 1882 Ridewood, 1921) , is the fact that these vertebral centra (VCE) are more or less horizontally oval to hexagonal, wider than tall, showing concentric lamellae in cross section (i.e., tectospondylous), and varying along the vertebral column in the position and development of basiventrals which allows head, trunk and tail vertebrae to be distinguished (see Fig. 5 ; compare Natanson and Cailliet, 1990) . Two of the SVK vertebrae (IRScNB P.9486 and P.9487; Fig. 5A-B , respectively) retain robust and elongated basiventrals, albeit in part. In modern angel sharks, this is diagnostic of the 4-10th most anterior vertebrae Claeson and Hilger, 2011) . One of these (IRScNB P.9487; Fig. 5B ) was erroneously identified by Herman et al. (2013: 191, Pl. 53, Fig. 1) as the posterior portion of a chondrocranium of Squatina; the vertebral centre was misinterpreted as the foramen magnum.
In dorsal and ventral views, the first vertebra in modern Squatina is elongated and trapezoidal in shape, with an anterior facet that is significantly smaller than the posterior one (see e.g., Claeson and Hilger, 2011) . The robust basiventrals are oriented more or less perpendicularly to the vertebral longitudinal axis. Together with the small anterior facet of the vertebral centrum, they form the counterpart of the articulating occipital hemicentrum and swollen occipital condyles, respectively, as present at the ventral margin of the chondrocranial occipital region. In contrast, vertebrae IRScNB P.9486-9487 are not elongated, but rather more or less rectangular in dorso-ventral view, having anterior and posterior vertebral centrum facets of equal size, with basiventrals oriented posteriorly. Additionally, the basiventrals have anterior facets that are more or less flat (vs concave counterparts for the occipital condyles), and most likely represent the 2nd-4th anteriormost vertebrae, corresponding to a much smaller individual in comparison to the SVK chondrocranium. 
Discussion
Comparison with fossil and modern squatinoids
Squatinoids are represented by two monotypical families (Squatinidae, Pseudorhinidae) that comprise Squatina Duméril, 1806 and Pseudorhina Jaekel, 1898 , respectively. The family Pseudorhinidae has been erected only recently by Klug and Kriwet (2013) to accommodate the latter genus and its constituent species, P. acanthoderma (Fraas, 1854) , P. alifera (von Münster, 1842) and P. frequens (Underwood, 2002) . Stratigraphically, these species range from the upper Oxfordian to the lower Tithonian (Upper Jurassic; see Cappetta, 2012) . In contrast, all post-Jurassic squatinoids, inclusive of modern angel sharks, have been assigned to Squatina (Squatinidae) (see e.g., Guinot et al., 2012) . Klug and Kriwet (2013) estimated the date of the origin of (identifiable characters of) Squatiniformes to lie between 181.74 and 156.2 Ma, and that of Squatinidae to be between 157.59 and 114 Ma, representing 'soft' maximum and 'hard' minimum age constraints, respectively. The early age of radiation of extant angel shark species was dated at 33.17 ± 9.85 Ma by Stelbrink et al. (2010 : Table 6 ), which overlaps with the Rupelian age of the SVK specimen. In this respect, this particular specimen is of interest in our understanding of modern squatinid diversity as well.
Pseudorhina (i.e., Pseudorhinidae) differs from Squatina (i.e., Squatinidae) by a large number of characters, including a longer anterior fontanelle with a less rounded posterior margin, less concave lateral capsular walls of the otic region and more laterally oriented postorbital processes. Of these three cranial features, only the upper postorbital processes are retained in the SVK chondrocranium. Although not complete in our specimen, the bases of both upper postorbital processes are oriented more anteriorly, which is a morphological feature typical of Squatina (see de Carvalho et al., 2008; Klug and Kriwet, 2013) , and consistent with what could be expected for a squatinoid of Oligocene (i.e., post-Jurassic) age. Other characters diagnostic of Pseudorhina comprise proportionally larger vertebral hemicentra, comparably shorter and more tightly connected basiventral processes and a broad labial protuberance ('apron' of Cappetta, 1987) of teeth not supported by roots (Claeson, 2008; de Carvalho et al., 2008; Klug and Kriwet, 2013) . The relative size of vertebral hemicentra is difficult to assess in the isolated vertebrae from the SVK clay pit, but the anterior vertebrae found at the level that yielded the chondrocra-nium display relatively robust and long basiventrals (see Fig. 5A-B) , which make assignment to Squatina most likely. In addition, squatinoid teeth from the Sint Niklaas Phosphorite Bed are diagnostic of Squatina, in having a slender apron that is supported by the root.
Although chondrocrania of modern angel sharks are generally conservative, listed several differential characters in three species of Squatina from the southwest Atlantic (i.e., S. argentina (Marini, 1930) , S. guggenheim and S. occulta). These include rostral projections, anterior fontanelle, supraorbital crest, upper postorbital process, lower postorbital process, otic capsules, suborbital crest and pterotic process. These diagnostic features prove to be even more revealing when comparing species of Squatina from different geographic origins, which correlates to different clades based on molecular evidence (Stelbrink et al., 2010) (see Figs 6-8) . In spite of the fact that the SVK chondrocranium is closely similar to those of modern angel sharks, two morphological features might actually fall outside the range of interspecific variation seen in modern Squatina. In the latter, the ventral margin of the occipital region is rectilinear and the occipital hemicentrum is flanked by a pair of swollen occipital condyles that are oriented horizontally, with only their lateral margins slightly bent dorsally (see Fig. 8A-E) . In contrast, the ventral margin of the occipital region of the SVK specimen is UUU-shaped and not swollen (see Fig. 8F ). Although a broken, slightly oval, wedge-shaped structure is visible ventral to the foramen magnum, there is no clear indication of an occipital hemicentrum in this specimen. However, in modern angel sharks this structure easily detaches in fetal specimens (Claeson and Hilger, 2011) and is only weakly calcified in adults which might explain its absence in the SVK specimen. Secondly, the anterior margin of the upper postorbital process is distally expanded in all modern angel sharks ; the present study), forming a completely or nearly closed orbital groove in those species that present a well-developed supraorbital flange (see Figs 6-7; compare de Carvalho et al., 2012) . Although the upper postorbital processes are not completely preserved in the SVK specimen, remains of this structure seem rounded in both dorso-ventral and lateral views and thus are not expanded. As a result, the orbital groove was most likely not fully closed. Such horizontal expansion is absent in Jurassic Pseudorhina, and has not yet been observed in Cretaceous species of Squatina either (see Guinot et al., 2012; NHMUK P.12213) . Consequently, the distal expansion of the anterior margin of the upper postorbital proces might well represent a derived character for Recent angel sharks only, or at least post-Oligocene ones.
As a result, the UUU shape of the ventral margin of the occipital region, combined with rounded margins of the upper post orbital process (vs distally expanded), might justify the erection of a new genus to accommodate the SVK chondrocranium. However, in view of the fact that the fossilisation process might have had an impact on the shape of the ventral margin of the occipital region and of the occipital condyles in particular (e.g., shrunk, abraded), and the upper postorbital processes are not completely preserved, we prefer to await the discovery of additional material and/or pieces of evidence (e.g., on brain nerve foramina). Unfortunately, the inner structures of the phosphatic chondrocranium have proved impossible to penetrate by the medical CT scanner available to us.
Oligocene squatinid taxonomy
The fossil record of Squatina comprises at least 35 nominal species, most of them published in the 1800s (Cappetta, 2006) . Some are based on (partial) skeletons, but most descriptions rely on isolated teeth or vertebrae only. For isolated material, differential characters are rarely provided and interspecific variation has not been studied. In other cases, new species have been erected merely on the basis of stratigraphic provenance of the material. The naming of new so-called chronospecies, without proper differential diagnosis, was very common at the time, especially for taxa whose (dental) morphology had been quite conservative over time, such as Squatina. Therefore, taxonomic revisions of fossil angel sharks (e.g. Guinot et al., 2012) are called for, particularly post-Mesozoic species. In some cases, assignment of isolated teeth and vertebrae to species is fraught with difficulties, and might even prove impossible (Cappetta, 2012; Herman et al., 2013; the present study) . Authors often opt to leave angel shark material in open nomenclature (Squatina sp.) , in particular when this originates from strata of Cenozoic age (see Klug and Kriwet, 2013) .
However, Oligocene angel shark teeth have often been identified as S. angeloides Van Beneden, 1873 (e.g., Nolf, 1988 Reinecke et al., 2001; Cicimurri and Knight, 2009; Génault, 2012) . The same holds true for teeth of Squatina from the SVK clay pit (see van den Bosch, 1981) . The original species description by Van Beneden (1873: 384) was based on a collection of un-associated vertebrae from an undocumented locality in Belgium (current whereabouts unknown), not illustrated and described extremely briefly as follows, 'Squatina angeloïdes. Van Ben. Nous avons des vertèbres en assez grand nombre pour reconstituer une colonne vertébrale plus ou moins complète. Ces vertèbres sont surtout reconnaissable au corps, qui est plus large que haut.' (We have a large number of vertebrae to reconstruct a vertebral column that is more or less complete. These vertebrae are easy to identify, trunk vertebrae in particular, that are wider than tall). Van Beneden's description is quite remarkable as new chondrichthyan taxa are rarely based on skeletal elements because such are seldom preserved, especially in strata of Cenozoic age (Mollen, 2010; . Moreover, isolated skeletal material and, in particular vertebrae, often are undiagnostic, making it unsuitable for describing new taxa. In Van Beneden's case, we agree that the vertebrae (which are wider than tall) are diagnostic of the genus Squatina, but not of its constituent species (see e.g., Hasse, 1876 Hasse, , 1877 Hasse, , 1882 Ridewood, 1921) . Van Beneden, probably aware of this shortcoming, did not provide differential characters to discriminate among species of Squatina. In view of this, we consider S. angeloides to have been based merely on stratigraphic data. Three other angel shark species have been described from Oligocene deposits, all postdating S. angeloides, namely S. beyrichi Noetling, 1885 , S. rupeliensis Daimeries, 1889 and S. crecelii Weiler, 1922 . The last-named species was based on teeth, whereas the other two were erected on the basis of isolated vertebrae. Storms (1894) was the first to describe and illustrate teeth (and vertebrae) of Squatina from the Belgian Rupelian (R2c, equalling the Boom Clay Formation, Upper Oligocene), and assigned them to S. angeloides, assuming the vertebrae of Squatina described by Van Beneden had originated from the same level. Although the description provides detailed differential diagnoses with fossil as well as modern angel shark species (at the time, this was very progressive), evidence that teeth and vertebrae stem from the same species of Squatina is lacking. The geographic distribution of modern species of Squatina overlap extensively (Stelbrink et al., 2010) , and the material from the Belgian Oligocene might well represent more than a single species.
Unlike Storms (1894), we do not consider the stratigraphic origin of S. angeloides to be beyond doubt. In fact, Van Beneden did not record any stratigraphic data in his description of S. angeloides, nor can the stratigraphic context be deduced from the text beyond doubt. Although Van Beneden's chapter in Patria Belgica was more or less in reversed stratochronological order, beginning with the Pliocene and ending with the Cretaceous, and most of these sections included references to faunal lists from the same stratum that had been published previously, no clear subdivisions were made in the text, nor was a species list for the Oligocene provided. Moreover, in the text, several species were stated to occur at more than one level, making it unclear which one Van Beneden was discussing at the time. This holds true especially for S. angeloides.
Although rare, most of the elasmobranch skeletal material known from the Belgian Cenozoic originates from the Boom Clay Formation (see Leriche, 1910) , supporting Storms's (1894) assumption. However, in Leriche's series of papers on fossil fishes from the Belgian Cenozoic, vertebrae of Squatina were recorded from all time intervals; Paleocene (Leriche, 1902: 17; Pl. 1, Figs 21-22) , Eocene (Leriche, 1905: 96) , Oligocene (Leriche, 1910: 251-252) and Mio-Pliocene (Leriche, 1926: 382, Fig. 163-163a; 383, Fig. 164-164b) . A fossil angel shark vertebra donated by Van Beneden to Hasse (1877: 349; 1882: 135) , was consistently mislabelled as 'Pliocaen (Terrain rupel(l)ien)'. Daimeries (1889) noted this conflicting label in Hasse (1882) , and favoured the 'Terrain rupelien', yet failed to provide arguments for his choice. Subsequently, Daimeries (1889) described this particular specimen as S. rupeliensis, a species erroneously reported by Cappetta (2006: 201) as originating from the Eocene, apparently unaware of Van Beneden's (1873) description.
In conclusion, the original description of S. angeloides is extremely poor and based on vertebrae of uncertain stratigraphic provenance that are not diagnostic at the species level. The material was not illustrated and its current whereabouts are unknown. In view of the fact that criteria stipulated by the code (ICZN, art. 12.1) are barely met, we consider S. angeloides to be a nomen nudum, and thus unavailable. The same applies for S. rupeliensis the description of which suffers the same shortcomings. However, Daimeries (1889) referred to material mentioned by Hasse (1882) . Although a name can be made available by indication (ICZN, art. 12.1), requirements of art. 12.2. are not met. In contrast, Noetling (1885) did provide a proper description of S. beyrichi, inclusive of illustrations and stratigraphic origin of the vertebrae. Although this name is available according to the code, we consider it to be a nomen dubium because angel shark vertebrae are not diagnostic at the species level; in doing so we agree with Cappetta (2006) , who rejected the name.
Conclusions
After re-examination and reinterpretation of the SVK skeletal remains from the Sint Niklaas Phosphorite Bed (Rupelian, Upper Oligocene), we have come to the following main conclusions: 1. The SVK chondrocranium, previously assigned to the sawshark Pristiophorus rupeliensis, should be reassigned to an angel shark, a taxon well represented by teeth and vertebrae at the same stratigraphic level, i.e., the basal deposit of the Boom Clay Formation, constituting >15 per cent of the elasmobranch assemblage. Consequently, we propose to delete P. rupeliensis from the faunal list as long as no other diagnostic material of this species is forthcoming. In contrast to the Sint Niklaas Phosporite Bed, angel shark remains are extremely rare in the overlying clayey facies of the Boom Clay Formation, which is explained by changing habitat conditions and prey diversity, unfavourable to squatinids. An updated elasmobranch list of the Sint Niklaas Phosphatic Bed is presented in Appendix 3. 2. Differential characters of chondrocrania listed in previous accounts for the discrimination of angel shark species from the southwest Atlantic have proved to be even more revealing when comparing angel sharks from different geographic origins, which correlates to different clades as defined in molecular studies. Considering these interspecific variations, the SVK chondrocranium compares well with those of modern Squatina, but differs in having a UUU-shaped ventral margin of the occipital region and rounded upper postorbital process margins. The distal expansion of the upper postorbital processes that are present in modern Squatina, has not been observed in Jurassic, nor in Cretaceous squatinoids to date, and might thus well represent a derived character for modern angel sharks. 3. The erection of a new generic and specific name for the SVK chondrocranium should await further consideration so as to avoid the introduction of junior synonyms (i.e., conspecific isolated teeth may already have been described in the past). More material (e.g., with upper post orbital processes better preserved) and/or future studies on the inner structures of the SVK chondrocranium (e.g., brain, nerves etc.) may turn out more conclusive, but examination of the latter was not possible with the medical CT scanner available to us. Thus, we retain the SVK chondrocranium in open nomenclature for now and refer to it as Squatina sp.
4. The taxonomy of extinct angel sharks remains problematic. Squatinids present a very conservative (tooth) morphology, which has resulted in the description of many so-called chronospecies that lack (reliable) differential diagnoses. Moreover, several species have been described on isolated vertebrae that are diagnostic only at the generic level, making them unsuitable for species discrimination. In the present study, we consider the Oligocene S. angeloides and S. rupeliensis to be nomina nuda (i.e., unavailable) and S. beyrichi to be a nomen dubium.
Re-evaluation of all other squatinid nominal species is urgently needed, especially those of Cenozoic age. In view of this, the isolated vertebrae in the present study are also left in open nomenclature, and referred to as Squatina sp.
